Background Access to safe drinking water has been on the global agenda for decades. The key to safe drinking water is found in household water treatment and safe storage systems. Objective In this study, we assessed rural and urban household demand for a new gravity-driven membrane (GDM) drinking-water filter. Methods A choice experiment (CE) was used to assess the value attached to the characteristics of a new GDM filter before marketing in urban and rural Kenya. The CE was followed by a contingent valuation (CV) question. Differences in willingness to pay (WTP) for the same filter design were tested between methods, as well as urban and rural samples. Results The CV follow-up approach produces more conservative and statistically more efficient WTP values than the CE, with only limited indications of anchoring. The effect of the new filter technology on children with diarrhea is among the most important drivers behind choice behavior and WTP in both areas. The urban sample is willing to pay more in absolute terms than the rural sample irrespective of the valuation method. Rural households are more price sensitive, and willing to pay more in relative terms compared with disposable household income. Conclusion A differentiated marketing strategy across rural and urban areas is expected to increase uptake and diffusion of the new filter technology.
drinking water. More than one-tenth of the global population, i.e. more than 780 million people, still relied on unimproved drinking-water sources in 2010 [1] . Kenya is among the Sub-Saharan countries where access to safe drinking water is most limited. Official government statistics estimate that 74 % of the total population has access to safe drinking water [2] ; however, the US Agency for International Development (USAID) and the Kenya National Bureau of Statistics (KNBS) show that this share is lower, namely 63 % [3] .
Poor sanitation is one of the major causes of fecal contamination of drinking water in urban areas [4] . In turn, this results in infectious diseases such as cholera, diarrhea, and typhoid [5] . Diarrhea is estimated to be responsible for 22 % of all pediatric deaths worldwide [6] . Especially in developing countries, and Africa in particular, diarrheal diseases are among the leading causes of morbidity and mortality for children under 5 years of age. In Kenya, for children below the age of 5 years, diarrhea prevalence is about 3.5 cases per child per year, which is 10 % higher than the world average of 3.2 cases per child per year [7] .
The key to safe drinking water is found in household water treatment and safe storage systems. Several systems have been introduced and promoted in Kenya to alleviate the problem of poor drinking-water quality, with varying degrees of success. The most popular treatment systems include boiling of water and chlorination. Very few households use filters. Sixty percent of the rural population and 42 % of the urban population do not treat their water before drinking [3] . Sobsey [8] attributes the low degree of adoption and diffusion of filters to factors such as high investment and maintenance costs and limited effectiveness in improving water quality.
In this study, we assessed rural and urban household demand for a new gravity-driven membrane (GDM) filter. The new technology is based on an extensively tested ultralow pressure filtration and flux stabilization technique [5, 9, 10] . The ultra-low pressure for disinfection is generated by gravity, hence no pumping mechanism is needed. Flux stabilization because of bio-fouling implies that the filter does not require any cleaning. The filter is able to generate a water flow of 24 Lday -1 m -2 , which meets the WHO recommendation of 10-40 Lday -1 . Not enough is known about household perception and valuation of the new technology's characteristics to be able to predict its uptake and diffusion. Hence the reason for this study, with the main objective of estimating urban and rural household demand for the new filter technology. Demand is estimated using a choice experiment (CE), where households are offered different specifications of the filter based on its key characteristics, and a contingent valuation (CV) willingness to pay (WTP) question.
CEs and CVs are part of the same family of stated preference methods (e.g. Hanley et al. [11] , Birol and Koundouri [12] , and Carson and Louviere [13] ). Preferences for existing or new products or policy programs are elicited using a social survey format, such as in-person interviews. Although CEs were originally developed in marketing research and applied to a wide variety of consumer products, few applications exist pertaining to drinking-water supply and drinking-water quality. The limited number of CEs conducted in this area in the developed world focus either on WTP to avoid water restrictions, for instance due to droughts in Australia [14] , on drinking water free from pollutants such as pesticides and nitrates in Denmark [15] , or residual chlorine and trihalomethane in Japan [16] . The only other CE carried out in a developing country context that we know of is the one by Tarfasa and Brouwer [17] , who employed a CE to assess demand for more reliable and safe piped drinking-water supply in urban Ethiopia. The safety of drinking-water supply was linked to the occurrence of diarrhea and the need to boil water before drinking.
A much broader range of studies is available on drinking water in a developing-country context using CV. An overview is provided, for example, by Null et al. [18] . These studies focus on a wide set of water-quality improvement interventions, including point of use (POU) water treatment methods, such as flocculant disinfectant, chlorine and filters, and water infrastructure improvements (for example [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ). WTP studies on water infrastructure improvements show that households are willing to pay more for improved water services (water quality and quantity) than their current water expenses [23, 27, 28] . WTP for POU methods by households show more mixed results, with the low-cost methods such as chlorine being valued closer to product costs than the more expensive methods such as filters.
The main objective of this study was to estimate rural and urban household demand for the new GDM filter, and test differences between WTP for the same filter design elicited through the two different stated preference methods.
Methodology

Design of the Choice Experiment (CE)
and Contingent Valuation (CV)
In the present study, respondents were asked, in a series of questions, to choose between two different in-house GDM water disinfection filters, characterized by the filter's flow rate (i.e. the time needed to filter 1 L of water suitable for drinking), drinking-water storage capacity, its effectiveness in reducing the prevalence of diarrhea among children, and its price. They also had the option to choose none of the two if they did not like any of the two alternatives. The design of the CE is presented in Table 1 . The non-price attributes consisted of three levels, while the price had six levels, including the baseline level zero Kenyan shillings (Ksh) for no filter. The other price levels varied between Ksh 2,000 and 4,000 and were based on careful pretesting, available information about the cost price of producing the water filter, and the price currently paid for substitute (ceramic) filters. If respondents chose none of the two, they would not get a water filter and would not pay anything. Although respondents were told that the water filter removes all possible sources of diseases and mud from the water, one of the attributes specifically focuses on health benefits for children. Children and adults differ in exposure to pollutants and in the nature and magnitude of the health effect arising from exposure. The greater the difference, the more important it is to estimate the health benefits for adults and children separately [30] . The burden of diarrheal disease disproportionately affects young children in developing countries who have higher incidence rates due to inadequate water and sanitation and nutritional risk factors [31] . The indicator used in this study stated that treatment of the water by the new filter would reduce the average prevalence of diarrhea among children from the current four times per child per year to either twice or once per year, and was also more generally considered a useful proxy for health improvements related to water quality.
Ideally, values of risk reduction are estimated based on the WTP for risks that affect the respondent. Since children are assumed to behave less responsibly or rationally, the United States Environmental Protection Agency [30] proposes three possible perspectives to value a child's health: (1) from a societal perspective; (2) by adults placing them back in their own childhood; and (3) by parents assessing the risks faced by their children. The parental perspective works with estimates provided by either the parent or the primary caretaker, who are likely to have the child's best interests at heart, are familiar with making decisions concerning the health and safety of the children, and incorporates the household context into the estimation approach. In this study, this latter approach is followed as we ask parents to value drinking-water quality improvements and related health risks for the children in their household. This approach may introduce a potential bias as a third party is asked to put a value on the proposed health benefit, but is the most common approach in the stated preference literature (e.g. Scapecchi [32] and Cameron et al. [33] ). Using parental values for reducing a child's risk might reflect paternalistic altruism, which can inflate WTP values. Hammitt and Haninger [34] found, for example, that the WTP of adults is approximately twice as large as for children, using a stated preference survey on foodborne illness due to pesticide residues. Therefore, the estimates found here need to be interpreted with some caution.
Alternatives were created by combining the four variables presented in Table 1 based on their different attribute levels. Because respondents could not be shown all different choice options, the number of possible combinations was reduced to 30 sets of five choice tasks each, based on a D-efficient fractional factorial design generated using the software Sawtooth. Therefore, the total number of choice cards was 150, divided over 30 sets of five cards. Each respondent was randomly shown one of these 30 sets of five choice cards. Also, the order in which the cards from each set were shown to respondents was randomized. An example card is presented in Fig. 1 . The underlying econometric model of the CE is presented in the electronic supplementary material (ESM; Econometric Models).
In the CV part of the survey, respondents were asked to indicate their maximum WTP for a GDM water disinfection filter with a storage capacity of 10 L, a flow rate of 30 min to purify 1 L of water, and maximum effectiveness in reducing diarrhea occurrence among children to, at most, once a year per child. This WTP question was included as a benchmark to compare the CE results with those of the CV approach for one particular product specification. The WTP question was elicited using a payment card containing 32 bid levels (printed on the card), including zero and an 'I don't know' option, and the possibility of stating a different amount of money. The econometric model underlying the CV part of the study is also presented in the ESM (Econometric Models).
The price levels used in the CE were also included as bid values on the payment card used for the CV. Due to time and financial constraints, the order of the CE and CV questions was not varied to test for possible sequencing effects. In one of the few available studies on paired CE and CV applications [35] , no significant sequencing effects were found, while, based on an extensive testing procedure [36] advocated the placing of the CV after the CE where possible. Furthermore, it is important to point out that the a priori assumption is that the two WTP measures are not the same. CE and CV are theoretically only the same under specific standard assumptions [37] , related to both the deterministic and stochastic component of the random utility model (see Sect. 3). Although both approaches aim at eliciting the same underlying preferences, [38] show, for example, that open-ended and payment card WTP data are least consistent with other stated preference approaches, including CEs, which are based on indirect utility models underlying WTP. Practically speaking, CEs are based on a series of repeated choices (typically varying between four and ten) reflecting trade-offs between multiple decision characteristics, including different prices for products or service provision. WTP in CVs is approached in a more holistic manner, describing, instead of explicitly measuring, possible differences in the values attached to the multiple characteristics underlying changes in products or service provision. The empirical evidence regarding equalities in welfare estimation using both approaches is therefore also mixed (e.g. Foster and Mourato [39] and Mogas et al. [40] ). In this particular case, we expect more comparable results because respondents were first familiarized with the various filter characteristics in the CE and then asked for their maximum WTP for one specific filter design.
Survey Design
The questionnaire used for the survey was based on previous household surveys carried out in Africa, most importantly a drinking-water supply survey in Ethiopia [17] and a similar survey conducted in the same study area in Kenya focusing on the diffusion and adoption of energyefficient cooking stoves [41] . The questionnaire and CE were tested over a period of 4 weeks in three rounds based on 90 face-to-face interviews. Based on the pre-tests, changes were made to the pictograms used in the CE and the wording of some of the questions. For each interview, one adult member in a selected household was interviewed. Before participation, each respondent signed an official form in which they agreed to participate on a voluntary basis, and gave permission to use the answers for this particular study. The male or female head of the household was interviewed in order to ensure the interviewee had knowledge of the household's financial situation and was responsible for the care of the family as a whole.
The final version of the questionnaire consisted of four main parts. The first part started off by asking respondents relatively easy questions about their household sociodemographic characteristics (e.g. age of the household head, household composition, education level, etc.). The second part collected information about the household's sanitation facilities, their drinking-water sources, whether they treat water before drinking, and, if so, how often and which treatment methods they use. Furthermore, questions were included related to their knowledge, experience, and perception of the health risks related to drinking untreated water. Part three introduced the newly developed GDM water disinfection filter, using a picture of the newly designed filter and a short description of its characteristics. It was explained to respondents that the new filter would be introduced on the market in a standard format but that the filters would vary in terms of storage capacity, flow rate, effectiveness in reducing the occurrence of diarrhea in children, and, consequently, the price of the filter.
The survey targeted both urban and rural residents with limited education. Therefore, the attributes and their levels were conveyed to respondents on choice cards with pictographs and as little text as possible. Each choice card was printed on a separate sheet of paper, laminated, and bound together with other choice cards into a spiral binder for multiple use. In order to make sure respondents had a clear understanding of the choice task, they were first asked to make their choice using an instruction card. They were allowed to ask questions about the choice task before the experiment started. Respondents who chose to opt out were asked, in a follow-up question, the reasons underlying their choice. Following the CE, respondents continued with the CV section of the survey. They were asked the CV WTP question after the CE because by then they were expected to be more familiar with the newly developed filter and its characteristics. This made it easy to show them a specific filter design for which they were asked to indicate the maximum they would be willing to pay.
The fourth and final part of the questionnaire consisted of a series of questions related to the household's income situation and assets. The pre-tests showed that respondents felt ill at ease if these latter questions were asked at the start of the interview; hence, the reason they were included at the end of the questionnaire. The English version of the questionnaire is available in the ESM.
Survey Implementation
The survey was implemented in Nakuru County by five trained interviewers over a period of 3 weeks at the end of January 2012. Nakuru County is located in Kenya's Rift Valley, 160 km North-West of Nairobi. Two locations were selected based on household water use characteristics. The first area was Nessuit, inhabited by around 7,000 people [42] who predominantly depend on agriculture for their livelihood. Nessuit is located in the river Njoro watershed. Njoro river (60 km) drains a small, predominantly rural catchment (280 km 2 ) and is seriously polluted [43] . This is causing a series of health problems for the surrounding communities as the river is the main source of water for domestic purposes (drinking, washing, cooking, and bathing) [43] . Public health institutions in the area reported cases of water-related diseases, such as typhoid, diarrhea and dysentery, which accounted for over 50 % of all illnesses [44] . Due to the lack of prior information about household characteristics, the sampling procedure applied in this first location was random.
Nakuru municipality was the second location used in this study. Nakuru has roughly 300,000 inhabitants [42] and is the fourth largest urban center in Kenya. The city has developed into a busy regional service center and is one of the most rapidly growing urban areas in Kenya. A majority of the households in this location have access to piped water. The major water sources for Nakuru Municipality are two local treatment plants and a number of bore holes [45] . The present system of water treatment using chlorine appears to function well. In their study, Kiruki et al. [45] found low levels of contamination of Nakuru Municipal water, and in some Nakuru estates, such as Nakuru town center, Kiti, and Milimani, no pathogens were found. In order to account for the income diversity of the municipality, the sample was drawn from three estates representing poor, middle income, and wealthy households. Within each block of estates, households were subsequently selected randomly.
The central hypothesis underlying the sampling strategy is that demand and WTP is highest in the rural area of Nessuit where people have no access to piped water, which is expected to be safer than the use of unprotected streams and bore holes. An important confounding factor for which control will have to be included in this case study is the difference in income levels between the two areas. Household income is expected to be significantly higher in the urban area than in the rural area. Since income and ability to pay are among the most important determinants of WTP, this is expected to have a major impact on demand.
Results
Sample Characteristics
Household sociodemographic characteristics in the rural (Nessuit) and urban (Nakuru) samples are presented in Table 2 . The share of women in the Nessuit sample is slightly higher. The average age of respondents was 34 years, and was not significantly different between the two samples. All the respondents in Nakuru are literate, while the share of respondents who cannot read and write in Nessuit is less than 10 %. This is less than the national average of 13 % [46] . Approximately the same share of respondents of around 30 % in both districts finished secondary school. The differences in monthly household income between the two districts are considerable and statistically significant. Mean monthly income is five times higher in the urban sample than in the rural sample. The high value in Nakuru is partly caused by a few outliers, i.e. three respondents claiming their households earn more than Ksh 300,000 per month. 1 The median values are much lower, especially in Nakuru, namely Ksh 47,500 or US$541, while the median value in Nessuit is Ksh 12,000 or US$137. Comparing the trimmed mean annual per capita income levels in the rural and urban household sample (Ksh 35,865 and Ksh 209,027, respectively) with the national average of Ksh 76,250 [46] , rural households reported earning less than half of this, while the urban sample in Nakuru earned, on average, almost three times as much.
Turning to drinking-water supply and sanitation conditions, contrary to the urban households, none of the rural households have access to either private or public piped water. Three-quarters of the interviewed urban households have their own tap water, and one in every fifth respondent uses public tap water. Almost 40 % of the rural households collect their drinking water from streams, followed by unprotected (32 %) and protected (27 %) springs and wells. On average, a household spends 22 min every day to collect drinking water in rural areas, whereas households who depend on public tap water have to walk less than 5 min to collect their water.
No significant difference can be detected between rural and urban households when comparing their average water consumption (almost 4 L per day). However, almost twice as many households in urban areas (almost 80 %) treat their water before drinking compared with rural households. Boiling water is the most common treatment method, followed by chlorination. In rural areas, nobody filters their water; in urban areas this is less than 15 %. Almost one-quarter of the rural respondents have children in their household who recently suffered from diarrhea, while this share is less than 7 % in Nakuru. Remarkably, there is not much difference between the share of respondents in the rural and urban samples who believe that their drinking water is safe to drink-just over 50 % in the urban area of Nakuru versus 47 % in the rural area of Nessuit. Almost none of the rural households have a covered pit latrine, and although almost a quarter of urban households also have no pit latrine, a majority of 65 % are connected to the sewer system and have a flushing toilet.
Estimated CE Models
Two models were estimated-one based on the choice attributes only (see the Annex to this article) and one including other covariates (Table 3 ). The covariates included in the estimated choice models are based on systematic backward and forward elimination procedures. Covariates were included both as interaction terms with the choice attributes and the alternative specific constant (ASC). We present those covariates that were theoretically expected to be of influence and which appeared to also significantly influence the stated maximum WTP at a significance level of p \ 0.10. Separate models were estimated for the urban and rural samples in view of the fact that the Swait and Louviere [47] test convincingly rejected the null hypothesis of model equality when comparing the two separate choice models for the urban and rural sample. 2 Tests were also carried out to see if any systematic pattern could be detected based on respondent choices throughout the choice sequence but this did not yield any significant results. Comparing the stability of preferences throughout the choice sequence, hardly any differences can be detected between choices at p \ 0.05 (test results are available from the authors), suggesting that respondents had more or less well-defined preferences when they started the CE. This is most probably due to the fact that all respondents were familiar with water filters, even though the presented new GDM filter is not yet sold on the market.
Respondents' choices in the urban and rural sample were regressed on the choice attributes and covariates using a mixed logit (ML) model, which was estimated in NLOGIT version 5.0, accounting for the panel data structure of the CE. For efficiency purposes, the model was estimated using a Halton sequence of 1,000 replications in a quasi-Monte Carlo maximum likelihood simulation [48] . The estimated choice models are highly significant based on the outcome of the chi-square test and the relatively high pseudo R 2 for this type of research. The number of observations is not equal to 750 in both samples (150 respondents in each sample answering five choice cards yields 750 observations) due to missing observations for some of the covariates.
Preference heterogeneity is accounted for by specifying the coefficients for the choice attributes as random parameters (presented in the Annex and Table 3) . Different distributional assumptions were tested. A normal distribution produced the statistically best fit for the continuous choice attributes and produced the same mean and median WTP welfare estimates. Possible correlation between alternatives (heteroscedasticity) was tested by including an error component but this appeared not to be statistically significant and was therefore omitted from the models.
The ASC in the Annex and Table 3 is coded in the estimation procedure such that it refers to the opt-out. The negative signs hence imply that respondents value the GDM filter positively compared with their current situation. Both ASC terms are highly significant in the attributes-only model, and much larger in size in the rural sample than the urban sample. Once other covariates are Significance levels: * p \ 0.10, ** p \ 0.05, *** p \ 0.01 ASC alternative specific constant, Ksh Kenyan shillings, dof degrees of freedom, SE standard error, SD standard deviation 2 The outcome of the likelihood ratio (LR) test when comparing the preference parameters between the two models for Nessuit and Nakuru, whilst keeping the scale parameter constant, was 27.4 (p \ 0.002). The equality of scale parameters is rejected at p \ 0.01 by the same test (LR = 11.39, 1 degree of freedom).
included, the ASC in the rural sample in Table 3 reduces in significance. All choice attribute parameters are statistically significant and have the expected signs, with the exception of the filter's flow rate, which is statistically insignificant in both samples, and also in the models including the choice attributes only. Once control is included for other covariates, the filter's storage capacity is only significant in the urban sample. 3 Respondents prefer higher storage capacity, lower diarrhea prevalence rates and, as expected, a lower price for the filter. The higher the price, the lower the likelihood that households will choose one of the GDM filter specifications. Rural households are more price sensitive than urban households. The standard deviations of the distribution of the random parameters of the choice attributes are also highly significant, except for flow rate, indicating preference heterogeneity in these choice attributes.
Although the models capture unobserved heterogeneity in the attributes, they somewhat fail to explain observed sources of heterogeneity if we examine the significance levels of the included covariates. The covariates in Table 3 are interacted with the ASC in the utility function for one of the two hypothetical filter specifications. Interacting them with the choice attributes did not yield any significant effects. The only variable that is statistically significant in the rural sample at p \ 0.10 is household income-higher income households are more likely to choose in favor of one of the GDM filters than lower income households. This is as expected and can be explained by the fact that someone's WTP depends on his or her ability to pay. Gender effects and household daily water consumption appear to be insignificant at p \ 0.10. Female respondents seem less willing to pay for the GDM filter than men, and the more water a household consumes every day, the higher their demand for the GDM filter.
In the urban sample, variation across household income does not affect choices at p \ 0.10, and we can only detect a significant impact of whether children in the household recently suffered from diarrhea; where this was the case, respondents attached a significantly higher value to the reduction of diarrhea prevalence in the CE. 4 The current treatment of drinking water appears to have a negative effect on demand, i.e. if the household already treats its drinking water, it is less likely to choose one of the GDM filters in the CE, but this effect was not significant at p \ 0.10.
No significant effects can be detected for any of the other sociodemographic differences between respondents, such as age, family size, or health risk perception characteristics. In addition, the number of children or family size did not have a significant effect on choices. Family size was not included in the estimated models in Table 3 because it was highly correlated with household water consumption.
Estimated CV Models
Turning to the CV models in Table 4 , a remarkable finding here is that more covariates are significant at the 10 % level. Moreover, other factors drive stated maximum WTP in the CV part of the survey than choices in the CE. Estimating the same models using ordinary least squares (OLS) regression, the results remain the same, suggesting that the estimated CV model is robust, and the models' explanatory power (R 2 ) is 31 and 39 % for the rural and urban sample, respectively (OLS regression results are available from the authors upon request).
Both samples only share household income as a common significant determinant of stated WTP. As expected, income has a positive impact on stated WTP. In the rural sample, women are willing to pay significantly less than men (just as in the previous CE model), while in the urban sample, older respondents are willing to pay significantly more than younger respondents (all other things being equal). Household water consumption levels are the only other significant explanatory factor at p \ 0.10 in the rural sample, and existing water treatment methods in the urban sample. Higher water consumption levels and already treating water before drinking result in a higher WTP. The latter variable has a positive sign in the CV model, whereas it had a negative sign in the urban sample in the CE model. In the CE model, this was interpreted as lower demand for the GDM filter due to the presence of a substitute product in the household, while here the variable could also be interpreted as an awareness indicator, suggesting that respondents who already treat their water before drinking are more aware of the need to do so and therefore have a higher demand for the new GDM filter. Whether there are any children in the household who recently suffered from diarrhea does not have any effect on stated WTP in the CV models.
Finally, the effect of the preceding CE on stated WTP is tested by including the price level of the preferred alternative in the last choice task in the CE as an explanatory factor in the CV regression model. This allows testing of possible anchoring effects in the stated follow-up WTP. The price level only appears to have a significant effect in the rural sample at p \ 0.05, not the urban sample, providing mixed evidence of anchoring in the follow-up maximum WTP.
Willingness to Pay for Improved Drinking-Water Filters
The CV-based WTP refers to a GDM water disinfection filter with a storage capacity of 10 L, a flow rate of 30 min to purify 1 L of water, and maximum effectiveness in reducing diarrhea occurrence among children to, at most, once a year per child. Mean maximum WTP is presented in the bottom row of Table 5 , and is significantly higher in the urban sample (US$27.4) than in the rural sample (US$16.5). 5 Mean and median CV WTP values are virtually the same. Median WTP is Ksh 1,500 for the rural sample and Ksh 2,400 for the urban sample.
Using the estimated coefficients of the CE models containing the choice attributes only in which all coefficients are significant, with the exception of those related to the flow rate, WTP for the same filter specification can be calculated (e.g. Hensher et al. [49] ). This is presented in the upper part of Table 5 . First, the estimated marginal WTP (MWTP) values are presented for the choice attributes in the CE. Standard errors are calculated using the Krinsky and Robb [50] bootstrapping procedure using 10,000 draws. A distinction is again made between the values found for the urban and rural samples. The observed differences between the urban and rural MWTP for the choice attributes are significant at p \ 0.05, based on the Poe test [51] . 6 Given the insignificance of the coefficients on the flow rate, MWTP values for this attribute are not significantly different from zero. MWTP values are consistently higher in the urban sample than in the rural sample, possibly due to the higher average income level in the urban sample. Right below the MWTP values, mean Significance levels: * p \ 0.10, ** p \ 0.05, *** p \ 0.01
Ksh Kenyan shillings, CE choice experiment, dof degrees of freedom, SE standard error 5 The standardized Mann-Whitney test statistic comparing the two contingent valuation willingness-to-pay values equals -11.723 (p \ 0.0001). 6 Test results are available from the authors upon request.
CE-based WTP is presented for a water filter containing a storage volume of 10 L, a flow rate of 30 min, and reducing diarrhea prevalence to once per child per year. As for the CV results, mean WTP for the specified filter tank is significantly higher in urban Nakuru (US$77.4) than in rural Nessuit (US$49.8), based on the Poe test at p \ 0.10. An important reason for the higher WTP in the urban sample may be, as mentioned, the significantly higher income level in this sample (Table 2) . We therefore also related respondent WTP to their household's annual disposable income. In doing so, a different picture emerges. The average share of CV-based WTP in annual household income is significantly higher in rural Nessuit (1.30 %) than in urban Nakuru (0.53 %). 7 Hence, whereas the absolute mean WTP value in the urban sample is more than a factor one and a half times higher than in the rural sample, relative WTP expressed as a share of annual household income is almost two and a half times higher in the rural sample than in the urban sample. The share of maximum WTP based on CV in a respondent's annual household income is as high as 15 % in Nessuit compared with, at most, 2.5 % in Nakuru. This outcome is even more pronounced when relating the WTP values derived from the estimated choice models to household income levels. The relative shares are higher in this case (0.74 and 2.39 % for the urban and rural samples, respectively), and households in the rural sample are willing to sacrifice more than a factor three times their annual income than households in the urban sample.
Finally, comparing the CE-and CV-based mean WTP values, the former are approximately a factor three times higher than the latter, and less accurate because of much higher standard errors. Standard errors of mean WTP are much higher in the CE than the CV despite the relatively higher number of observations in the estimated choice models because the WTP values are indirectly derived instead of directly measured based on simulation procedures, accounting for the standard deviation of the random coefficients for all choice attributes, including the ASC and the price coefficient. The latter is known to significantly inflate standard errors [52] . However, the difference between the estimated welfare measures for the urban and rural samples is fairly similar following both approaches. Urban WTP for the filter based on the CV follow-up question is, on average, 66 % higher than the rural mean WTP, while this difference is 55 % for the CE-based WTP values. Hence, the CV follow-up approach produces more conservative and statistically more efficient WTP values.
Discussion
In this study, we assessed urban and rural household demand for a new GDM filter. The new technology is not yet available on the market and the study presented here hence explored the marketing potential of the new filter. Important filter characteristics were identified based on expert and focus group interviews, and were used to design a CE targeting 150 rural and 150 urban residents. In addition, all respondents were asked a CV question afterwards to elicit their WTP for a specific 10 L, in-house filter tank with a flow rate of 2 L per hour that was able to provide maximum health protection and reduce current high frequency levels of child diarrhea prevalence in both urban and rural areas to, at most, once a year per child.
Given the limited access to clean drinking water in rural Kenya, our prior expectation was that demand for the new filter would be highest in the rural sample. Although the number of households in which children suffer from diarrhea is higher in Nessuit than in Nakuru, if children recently suffered from diarrhea in an urban household, this affected the value these households attached to the filter's capacity to reduce the prevalence of diarrhea in children in the CE.
The estimated model based on the CE produced WTP values that are consistently higher for the urban sample than for the rural sample, which contradicts our expectation that rural demand for the new drinking-water filter is higher than urban demand, and we found the same result using the CV approach. However, when relating estimated WTP in the CE and stated WTP in the CV to household income, we found that the income share respondents were willing to give up to purchase the new filter technology was significantly higher in the rural sample than in the urban sample, confirming our a priori expectation.
Despite the fact that the upper range of bid amounts used in the payment card to support the CV WTP question is higher than the range of price levels used in the CE, the former produced substantially lower and statistically more efficient mean WTP values. Fifty-five percent of the values on the payment card are in the same range as the bid levels used in the CE, while the rest are higher. This was done in view of the fact that the CV WTP question aimed to elicit the maximum amount of money respondents were willing to sacrifice to get the new filter in their homes. Empirical studies tend to find similar WTP estimates for CE and dichotomous choice-based CV studies (e.g. Jin et al. [53] ), while CV elicitation methods such as open-ended and payment-card formats tend to result in lower WTP estimates than CE studies (e.g. Ryan and Watson [54] ). The CE-based mean WTP values are nevertheless fairly high compared with the bid levels used in the CE due to the fact that a relatively high share of respondents selected specifications of the water filter at its highest price level, suggesting some degree of fat-tail in the price-level distribution. The difference between the urban and rural WTP values elicited through the two different stated preference methods is, however, more or less the same and varies between 55 % in the case of CE and 66 % for CV.
Finally, although the order of the CE and CV choice tasks was always the same and we were therefore unable to test for possible ordering or sequencing effects, there is only limited evidence of anchoring of the stated maximum WTP values on the bid levels applied in the preceding CE in the rural sample. Hence, this seems a promising approach for future stated preference research aimed at eliciting conservative and accurate welfare estimates for use in cost-benefit analysis or informing price setting related to the introduction of new water filters.
In general, we observed that respondents felt at ease and comfortable answering the choice questions because the survey had been effectively pre-tested. There was no indication of preference construction or learning when respondents went through the choice sequence, and the study did not suffer from any protest responses, neither in the CE nor the CV part. These findings provide confidence in the reliability of the results presented here. However, the limited number of observations based on 300 face-to-face interviews, split across 150 urban and 150 rural households, make the results sensitive to the econometric model specification, especially the choice model including covariates, for which observations were missing in 10 % of the choice occasions.
A possible second caveat in the study is that we failed to properly pick up the value attached to the time it takes to filter the water with the new filter technology, despite proper pre-testing. This choice attribute did not show up statistically significant in the estimated choice model based on the data collected in the survey. The non-significance of the flow rate is attributed to the relatively low opportunity costs of time often encountered in a developing country context and the relatively small differences between the three attribute levels (15, 30, and 45 min). These additional time levels do not differ very much from the average amount of time needed to collect water, especially in rural areas (see Table 2 ). In the rural area of Nessuit, 51 % of the sample collected its water within 15 min (this share is 89 % in urban Nakuru), while 12 % of the respondents needed more than 45 min (this share is only 2 % in Nakuru). Hence, respondents do not seem to consider the extra time they need to wait for the water to be drinkable as a cost and reductions thereof as real cost savings. We also did not detect any evidence of possible confounding of the monetary price of the filter and the time it costs to filter the water. The filtering process does not affect water collection times and does not require any additional labor input, hence the time needed to filter the water does not interfere with any other household activities after the water tank has been filled.
A third and final caveat is that no information was available from the household survey that would have allowed us to control for the number of children with diarrhea in each household and/or actual diarrhea prevalence levels in each household in the choice analysis to represent baseline conditions, and differences therein across households to test sensitivity to scope (e.g. Whitty [55] and Søgaard et al. [56] ).
On the other hand, the study provides important information, particularly value cues, for the new filter's future marketing strategy. Urban WTP is 55-65 % higher than rural WTP, but WTP does not exceed more than 1 % and 2.5 %, respectively, of an urban and rural households' disposable income. Rural households are much more price sensitive and their WTP is, as expected, significantly constrained by their disposable income. Recent experiences with children having diarrhea increases urban demand, although the filter's reduction potential of diarrhea prevalence is valued highest by rural households. Urban households seem more aware than rural households of the negative health effects of drinking untreated water, thus increasing demand, while already treating their drinking water may, at the same time, reduce urban household demand for the new water filter. Hence, awareness raising remains an important component of any future marketing strategy. Novel features of the GDM filter, compared with existing filters, to increase the new filter's competitive advantage, such as no need for either pumping or cleaning, have remained underexposed in this study and should be further investigated and/or emphasized in future marketing strategies to increase demand. Finally, the new filter's storage capacity is only considered important by urban households, whereas flow rates play no role in either urban or rural households' decision making to purchase the new water filter and can hence be ignored as a focus point in the filter's future marketing.
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Annex
See Table 6 . Significance levels: * p \ 0.10, ** p \ 0.05, *** p \ 0.01 ASC alternative specific constant, Ksh Kenyan shillings, dof degrees of freedom, SE standard error, SD standard deviation
